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OPTICAL RECORDING MEDIUM AND OFHCAL RECORDING 

PROCESS USING THE SAME 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to optical recording medium in 
which information is recordable, reproduceable and rewritable at a 
high density and a high speed, using a laser beam irradiator. 

Description of the Related Art 

In an optical recording medium, a laser beam is irradiated 
locally to a recording material and then a difference in optical 
property generated thereby is used as a recording state. Use of a 
material having reversible change in this optical property enables 
rewriting the information which has been recorded. Generally, as a 
rewritable optical recording medium, a magneto-optical recording 
medium and a phase change optical recording medium are well 
known. These optical recording media enable recording mass of 
information as well as rewriting and reproducing the information at 
high speed simultaneously. These optical media are also excellent 
in portability. Accordingly, a demand has been increasing to 
produce these optical media for more capacity at a higher speed. 

A phase change optical recording medium takes advantage 
of a difference of reflected light to a light having a specific 
wavelength between the crystalline and the amorphous as a 
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recording state. Modulating output power of the laser enables 
erasing and rewriting the recorded information simultaneously. 
The modulation accordingly allows the phase change optical 
recording medium to be rewritten the information signal at a high 
speed and with ease. 

FIG. 4 shows an example of a conventional structure of layers 
of a phase change optical recording medium. As shown in FIG. 4, a 
conventional phase change type optical recording medium is 
constituted by a substrate 1, and a protective layer 2, a recording 
i&yer 4, a protective layer 8 and a reflective layer 6, all of which are 
sequentially formed on the substrate 1. The substrate 1 is made of 
resins such as polycarbonates (PC) and polymethylmethacrylates 
(PMMA), or glasses. The substrate 1 guide grooves for guiding a 
laser beam are formed thereon. The recording layer 4 has some 
states having different optical properties, and comprises a substance 
that can reversibly change the states. In case of a rewritable phase 
change type optical recording medium, materials for the recording 
layer 4 include chalcogenide whose main components are Te or Sb 
such as materials having main components of Te-Sb-Ge, Te-Sn-Ge, 
Te-Sb-Ge-Se, Te-Sn-Ge-Au, Ag-ln-Sb-Te, In-Sb-Se, In-Te-Se, or the 
like. 

The reflective layer 6 comprises metals such as Au, Al, and 
Cr, or alloys thereof. The reflective layer 6 is prepared for 
purposes of dissipating heat effectively and of effective light 
absorption in the recording layer 4. Although not shown in the 
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FIG. 4, an over coating layer is provided on the reflective layer 6 in 
order to prevent oxidization, corrosion, adhesion of dust or the like. 
Alternatively, a dummy substrate may be provided on the reflective 
layer 6, using the ultraviolet radiation curing resins as an adhesive. 

The protective layers 2 and 8 play a role of preventing 
oxidation, evaporation, and deformation of the materials for the 
recording layer 4. Controlling the thickness of the protective layers 
2 and 8 enables adjusting light absorption of a recording medium 
and a diflerence of reflection ration between a recording portion and 
an erasing portion. Accordingly, the protective layers 2 and 8 play 
roles of controlling optical properties of the recording medium. 
The materials for the protective layers 2 and 8 are required to exhibit 
excellent adhesion properties to the recording layer 4 and the 
substrate 1, in addition to meeting the requirements above. The 
protective layers 2 and 8 are required to be a fllm having excellent 
weathering resistance that does not cause cracklings. When 
contacted with the recording layer 4, the protective layers 2 and 8 
are required to be composed of materials that do not affect optical 
change in the recording layer 4. 

Examples of the materials for the protective layers 2 and 8 
include sulfides such as ZnS, or the like; oxides such as SiOz, TasOs, 
AI2O3, or the like; nitrides such as Ge-N, Si3N4, AI3N4 or the like; 
nitrogen oxides such as Ge-O-N, Si-O-N, Al-O-N, or the like. The 
examples further include dielectrics such as carbides and fluorides, 
or the like. These may be used in suitable combination of two or 
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more. Of these, ZnS-SiOa is widely used. 

Conventionally, overwriting distortion occurs. The 
overwriting distortion is caused by a state in which a rewritten mark 
slightly shears. The overwriting distortion occurs because the 
temperature rises differently depending on a state of recording layer 
4 between in an amorphous state and in a crystalline state. A 
portion before rewriting requires latent heat to phase-change the 
portion from a crystalline state to an amorphous state, when the 
portion before rewriting is in a crystalline state. On the other hand, 
when the portion before rewriting is in an amorphous state, the 
latent heat is not required. Therefore, excess heat amorphousizes 
the recording layer 4 more than predetermined. 

When "Aa" expresses a light absorption of the recording 
layer 4 in an amorphous state, and "Ac" expresses a light absorption 
of the recording layer 4 in a crystalline state, " Ac/ Aa" may be 
maintained in 1 or more in order to avoid the overwriting distortion, 
which enables adjusting light absorption. Accordingly rise in 
temperature at an amorphous portion of the recording layer can be 
assisted. The temperature at the marked portion after rewriting 
rises uniformly. Mark distortion is hence less likely to occur. 

Some methods have been proposed to realize a relation of: 
Ac/ Aa > 1. For example, "Ra," which is a reflection rate of an 
amorphous state, is determined to be higher than "Rc," which is a 
reflection rate of a crystalline state, so as to satisfy the relation of: 
"Rc < Ra." In this case, even if a difference, "Ra - Rc," of reflection 



4 



ratios between an amorphous state and a crystalline state is large, a 
value of Ac/Aa may still be large. Specifically, in FIG. 4, another 
layer is formed between the substrate 1 and the protective layer 2, 
and the layer has a certain optical constant, hence the relation of "Rc 

< Ra " can be satisfied. 

Even if "Rc" and "Ra" meet the relation of "Rc > Ra," the 
relation, "Ac/Aa > 1, " may still be attained. In this case, the 
optical recording medium employs either light-transmittance 
structure, or light-absorbing structure. The light-transmittance 
structure creates transmittance in the optical recording medium. 
When "Tc" expresses transmittance of amorphous recording layer, 
and "Ta" expresses transmittance of crystalline recording layer, "Tc" 
and "Ta" each satisfy the relation of 0 < Tc < Ta. On the other hand, 
in the light-absorbing structure, a layer that absorbs a light is 
provided in the optical recording medium. The light absorption in 
the layer that absorbs a light satisfies a relation of 0 < Ae2 < Aa2, 
when the Aa2 expresses an absorption at the layer that absorbs a 
light in an amorphous state, and Ac2 expresses an absorption in a 
crystalline state. Specifically, in a case of the light-transmittance 
structure, the reflective layer 6 may be thinned so as to attain 
light-transmittance, as shown in FIG. 4. In a case of the 
light-absorbing structure, for instance in FIG. 4, a layer that absorbs 
a light may be provided between the reflective layer 6 and the 

protective layer 8. 

An optical recording medium having such a relation of 
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reflection rate as Rc<Ra is advantageous since the optical recording 
medium is more likely to have a structure that satisfies a relation of: 
Ac/ Aa>l. The optical recording medium, on the other hand, is 
disadvantageous in causing noise at reproducing a signal, as the 
sum of reflection rate at the amorphous portion and the crystalline 
portion are considerably larger than that of an optical recording 
medium having such a relation of reflection rate as RoRa. The 
optical medium having such a relation of reflection rate as RoRa is 
less likely to have a disadvantages like noise, but it is still 
disadvantageous in having a large value for Ac/ Aa. Accordingly, 
it is preferable to choose the structures depending on the necessity. 

Some improvement has been proposed conventionally for the 
structure of a light-transmittance optical recording medium that 
satisfies the relations of both "Rc > Ra" and "0 < Tc < Ta." For 
example, Japanese Patent Application Laid-Open QT-A) No. 
08-50739 discloses a technique in which a recording layer and a 
reflective layer having a light-transmittance properties are provided. 
In this technique, the reflective layer is provided in contact with a 
thermal dissipating layer that helps thermal diffusion of the 
reflective layer in an optical recording medium that employs 
light-transmission. The JP-A No. 08-50739 does not state any 
technique to give optical effects to the thermal dissipating layer, and 
describes that the thickness of the thermal dissipating layer may be 
suitably selected as long as it does not prevent the optical structure 
or design. 
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JP-A No. 09-91755 discloses a technique in which a dielectric 
layer is provided on a reflective layer in an optical recording 
medium having light-transmittance. However, in this case, the 
dielectric layer is formed in order to reduce phase difference. The 
JP-A No. 09-91755 does not states the thermal effects derived from 
the dielectric layer, neither states the optical effects derived from 
controlling the thickness of the dielectric layer. 

The JP-A No. 03-157830 discloses an optical recording 
medium having two recording layer structures, which has been 
known as the modified optical recording medium having a 
light-transmittance structure. In order to attain a larger capacity of 
the optical recording medium, a transparent separation layer is 
provided between the two recording layer structures. A laser is 
irradiated from only one direction, and the laser transmits both of 
the two recording layer structures. With this technique, a density 
of recording may become more intense, hence a capacity of the 
optical recording medium becomes larger as a whole. 

An optical recording medium having a light-transmittance 
structure is advantageous from a viewpoint of having less excess 
heat therein. An optical recording medium having a 
light-transmittance structure is hence desirable from a viewpoint of 
repeating properties and adjacent erasing properties (properties to 
erase an adjacent tracks; tracks that has been recorded are diffused 
to an adjacent track, and the signals recorded adjacent to the tracks 
are erased). Having a thin reflective layer, the recording layer may 
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not be rapidly cooled down after heated. Therefore, a mark may be 
formed with difficult^^ Especially, in a structure satisfying a 
relationship of Rc > Ra, it was fundamentally difficult to set a value 
of Ac/ Aa very large. The optical recording medium having two 
recording layer structures has conventionally required the recording 
laver to be thin in order to attain a sufficient light-transmittance, 
when the optical recording medium having two recording layer 
structures is placed in a direction of laser-irradiation. 

However, crystallization becomes difficult in the thin 
recording layer. High light transmittance was unable to 
compatible with high erasing rate or high erasing properties. 
There are very few techniques to improve repetitive recording 
properties of a light-transmittance optical recording medium. A 
demand has been made on improving the repetitive recording 
properties. 

SUMMARY OF THE INVENTION 
The present invention is aimed to solve the above-mentioned 
problems in conventional art. 

An object of the present invention is therefore to provide a 
light-transmittance optical recording medium having two recording 
layer structures, which improves both cooling properties and 
repetitive recording properties, and enables twice more recording 
capacity than a conventional optical recording medium. 

Another object of the present invention is to improve 
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repetitive recording properties of the light-transmittance optical 
recording medium having two recording layer structures. 

Another object of the present invention is to provide almost 
equal recording properties for each of the two recording layer 
structures of the light-transmittance optical recording medium 
having two recording layer structures. 

Still another object of the present invention is to provide 
almost equal erasing properties for each of the two layer structures 
of the light-transmittance optical recording medium having two 
recording layer structures. 

Still further object of the present invention is to improve 
cooling properties of the light-transmittance optical recording 
medium having two recording layer structures. 

According to present invention, the above-mentioned objects 
are attained by following techniques: 

The present invention provides, in a first aspect, an optical 
recording medium which comprises a cover substrate, a grooved 
substrate, a first recording layer structure, an intermediate layer, a 
separation layer, and a second recording layer structure. In the 
optical recording medium, the cover substrate, the first recording 
layer structure, the intermediate layer, the separation layer, the 
second recording layer structure and the grooved substrate are 
disposed in this order, a laser beam is irradiated from a direction of 
the cover substrate, the two recording layer structures include a first 
recording layer structure, and a second recording layer structure 
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between the cover substrate and the grooved substrate, the first 
recording layer structure includes, in this order, a first protective 
layer, a first recording layer having Sb and Te as main components 
thereof, a second protective layer, a first inorganic layer having 
metal as components thereof, the second recording layer structure 
includes, in this order, a third protective layer, a second recording 
layer having Sb and Te as main components thereof, a forth 
protective layer, a second inorganic layer having metal as a 
component thereof, and a ratio (t/Tl) of a thickness (Tl) of the first 
recording layer structure and a thickness (t) of the intermediate 

layer is 0.2 to 1.0. 

According to a second aspect of the present invention, the 
optical recording medium may have an interface layer on at least 
one of surfaces of at least one of the first recording layer and the 
second recording layer. 

According to a third aspect of the present invention, the 
grooved substrate may have a width of 0.10pm to 0.46pm and a 
depth of 0.01pm to 0.04pm, and is formed with a pitch of 0.28pm to 
0.50pm, recording and reproducing are carried out by irradiating a 
laser beam having wavelength of 360nm to 420nm and a spot 
diameter of 0.30pm to 0.52pm (l/e2) from a direction of the cover 
substrate, and a recording power of the laser beam is 3mW to 
12mW. 

According to a fourth aspect of the present invention, the 
recording power of the laser beam is larger in the second recording 
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layer structure than in the first recording layer structure. 

According to a fifth aspect of the present invention, an 
erasing power of the laser beam is larger in the second recording 
layer than in the first recording layer. 

According to a sixth aspect of the present invention, a 
thermal capacity of the second recording layer structure is less than 
a total thermal capacity of the cover substrate and the grooved 
substrate. 

According to a seventh aspect of the present invention, a total 
thermal capacity of the first recording layer structure and the second 
recording layer structure is less than a thermal capacity of the 

grooved substrate. 

According to an eighth aspect of the present invention, a 
thickness of each of the cover substrate and the grooved substrate is 

0.2mm to 1.5mm. 

According to a ninth aspect of the present invention, the 
main components of each of the first recording layer and the second 
recording layer are selected at least from Ge-Sb-Te, Sb-Te, Sb-Te-Zn, 
Sb-Te-Ag, Te-Bi-Ge, Sb-Te-Ge-Se, Te-Sn-Ge-Au, Sb-Te-Ag-ln, 

Se-ln-Sb, and Te-Se-ln. 

According to a tenth aspect of the present invention, each of 
the first recording layer and the second recording layer contains 
50at% to 80at% of the Sb, and 10at% to 30at% of the Te. 

According to an eleventh aspect of the present invention, a 
thickness of the first recording layer is 3nm to 40nm. 
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According to a twelfth aspect of the present invention, a 
thickness of the second recording layer is 3nm to 40rmi. 

According to a thirteenth aspect of the present invention, a 
thickness of the first inorganic layer is Inm to SOnm. 

According to a fourteenth aspect of the present invention, a 
thickness of the second inorganic layer is Inm to SOnm. 

According to a fifteenth aspect of the present invention, the 
main components are one of the same and different between the first 
recording layer structure and the second layer structure, and the 
main components are selected at least from Al, Au, Ag, and Cu. 

According to a sixteenth aspect of the present invention, the 
first inorganic layer comprises Ag as a main component thereof. 

According to a seventeenth aspect of the present invention, 
each of the first protective layer, the second protective layer, the 
third protective layer, and the fourth protective layer comprises 
ZnS-Si02 as a main component thereof. 

The present invention provides, in an eighteenth aspect, an 
optical recording process which includes the step of irradiating a 
laser beam from a direction of a cover substrate to one of two 
recording layer structures disposed on a grooved substrate of an 
optical recording medium according to the present invention, so as 
to record in one of the two recording layer structures. In the 
optical recording process, the laser beam has a recording power of 
3mW to 12mW, wavelength of 360nm to 420nm and a spot diameter 
of 0.30pm to 0.52pm (l/e^), the grooved substrate has a width of 
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0.10pm to 0.46vim and a depth of O-Olpm to 0.04pm, and is formed 
with a pitch of 0.28pm to 0.50pm, the two recording layer structures 
include a first recording layer structure and a second recording 
layer structure. 

According to a nineteenth aspect of the present invention, in 
the optical recording process, the recording power of the laser beam 
is larger in the second recording layer structure than in the first 
recording layer structure. 

According to a twentieth aspect of the present invention, in 
the optical recording process, an erasing power of the laser beam is 
larger in the second recording layer than in the first recording layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a sectional view showing an example of a 
light-transmittance optical recording medium having two recording 
layer structures according to the present invention; 

FIG. 2 is a sectional view showing another example of a 
light-transmittance optical recording medium having two recording 
layer structures according to the present invention; 

FIG. 3 is a schematic diagram showing an example of a film 
deposition system used for manufacturing a light-transmittance 
optical recording medium having two recording layer structures 
according to the present invention; and 

FIG. 4 is a sectional view showing an example of a layer 
structure of a conventional phase change optical recording medium. 



13 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 
An optical recording medium having two recording layer 
structures according to the present invention will be described in 

detail hereinafter. 

FlGs. 1 and 2 are each a schematic sectional view showing an 
example of a structure of an optical recording medium having two 
recording layer structures according to the present invention. FIG. 
1 shows a structure in which a first recording layer structure 101 
and a second recording layer structure 201 are formed between a 
cover substrate 100 and a grooved substrate 200. Here, although 
not shown in the FlGs. 1 and 1, the thicknesses of each of the cover 
substrate 300 and the grooved substrate 200 are larger than a total 
thickness of the first recording layer strucmre 101 and the second 
recording layer structure 201. A intermediate layer 108 and a 
separation layer 109 are each disposed between the first recording 
layer structure 101 and the second recording layer structure 201. 

The first recording layer structure 101 includes a first 
protective layer 102, a first recording layer 104, a second protective 
layer 106, and a first reflective layer (a first inorganic layer having 
metals as a constituent material) 107, each of which is sequentially 
formed in this order on a surface of the cover substrate 100. 

The second recording layer structure 201 includes a third 
protective layer 202, a second recording layer 204, a fourth 
protective layer 20b, and a second reflective layer (a second 
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inorganic layer having metals as a main component) 207, each of 
which is sequentially formed in this order on a surface of the 
separation layer 109. An example of a structure shown in FIG. 2 
shows that first and second interface layers 103 and 105 are each 
formed on both of the surfaces of the first recording layer 104 for the 
first layer structure 1 01 . FIG. 2 also shows that the third and 
fourth interface layers 203 and 205 are each formed on both of the 
surfaces of the second recording layer 204 for the second layer 
structure 200. 

The cover substrate 100 is formed toward a direction where a 
laser beam is irradiated. The materials of the cover substrate 100 
may be transparent materials such as resins, glasses, or the like. 
Specific examples of the resins include polycarbonate (PC), 
polymethylmethacr>'late (PMMA), and the like. A thickness of the 
cover substrate 100 is preferably 0.2nun to 1.5mm, according to the 

following reasons. 

A grooved substrate 200 has grooves of 0.10pm to 0.45pm 
wide and 0.01pm to 0.04pm. The grooved substrate 200 is formed 
with a pitch of 0.28pm to 0.50pm. Although not shown in the 
figures, the grooves are formed on a surface that contacts the second 
recording layer structure 201. If the grooves are ranged above, the 
grooved substrate 200 has more reflection rate than that of a plane of 
the grooved substrate 200. Additionally, the grooved substrate 200 
exhibits excellent repetitive reproducing properties with the grooves. 
Materials of the grooved substrate 200 may be transparent materials 
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such as resins, glasses, or the like. Specific examples of the resins 
include polycarbonate (PC), polymethylmethacrylate (PMMA), and 
the like. A thickness of the grooved substrate 200 is suitably 

0.2mm to 1.5mm. 

The laser beam, which has wavelength of 360nm to 420nm, a 
spotting diameter of 0.30pm to 0.52pm (l/e^, which refers to a beam 
spot diameter at a laser beam light strength of l/e2; a beam diameter 
when a light strength of 0.137 (herein the maximum light strength is 
1), and e=2.7), is irradiated from a direction of a cover substrate 100. 
The power of recording is 3mW to 12mW. If the power of 
recording is less than 3mW, insufficient mark is formed. If the 
power of recording is more than 12mW, the optical recording 
medium itself becomes fractured. These are revealed from 
experimental data. 

Each of the first protective layer 102 and the second 
protective layer 106, and the third protective layer 202 and the 
fourth protective layer 206 (may be referred to as merely "protective 
layer") is formed for the purpose of controlling optical properties 
such as effective light absorption in the first recording layer 104 and 
the second recording layer 204 (may be referred to as merely 
"recording layer"). Examples of the materials for the protective 
layers 102, 106, 202, and 206 include sulfides such as ZnS, or the like; 
oxides such as Si02, Ta206, AI2O3, or the like; nitrides such as Ge-N, 
Si3N4, AI3N4, or the like; nitrogen oxides such as Ge-O-N, Si-O-N, 
Al-O-N, or the like; dielectrics such as carbides, fluorides, or the like. 
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These can be used in combination such as ZnS-Si02 or the like. 
ZnS-Si02 shows the most preferable properties in a case of the 
structures shown in FlGs. 1 and 2. 

As shown in FIG. 2, the first interface layer 103, the second 
interface layer 105, the third interface layer 203, and the fourth 
interface layer 205 (may be referred to as merely "interface layer") 
are each formed. The interface layers play a role of not only 
preventing the recording layers 104 and 204 from oxidizing, 
corroding, and deforming, but also of preventing diffusion of atoms 
or other components such as sulfur and sulfides, both of which may 
be contained in the protective layers 102, 106, 202, and 206, to the 
recording layers 104 and 204. 

Preventing the diffusion of the atoms significantly improves 
the repeating properties of an optical recording medium. The 
interface layer may be formed either of the surfaces, or both of the 
surfaces of the recording layer. In order to more effectively 
prevent the diffusion of the atoms, the interface layer may be 
formed both of the surfaces of the recording layer. 

Another important role of the interface layer is to accelerate 
the crystallization of the recording materials, without ruining the 
thermal stability at the recorded portion (amorphous portion), when 
the interface layer is formed in contact with a recording layer. 

The interface layer is formed on both of the surfaces of the 
recording layer, so as to attain excellent recording properties and 
excellent repeating properties at a high speed, at the same time. 
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Materials for the interface layers a 03, 105, 203, and 205 are not 
limited, as long as the materials attain the roles described above. 
Examples of the materials include those having nitrides, nitrogen 
oxides, oxides, carbides, fluorides as the main component. Sulfides 
or selenides may be mixed depending on the case. Specific 
examples of the nitrides include Ge-N, Cr-N, Si-N, Al-N, Nb-N, 
Mo-N, Ti-N, Zr-N, Ta-N, and the like. Specific examples of the 
nitrogen oxides include Ge-O-N, Cr-O-N, Si-O-N, Al-O-N, Nb-O-N, 
Mo-O-N, Ti-O-N, Zr-O-N, Ta-O-N, and the like. Specific examples 
of the oxides include SiOi, Al 2O3, TiOz, Ta205, Zr-O, and the like. 
Specific examples of the carbides include Ge-C, Cr-C, Si-C, Al-C, 
Ti-C, Zr-C, Ta-C, and the like. Specific examples of the fluorides 
include Li-F, Ca-F, and the like. These may suitably used in 
combination. ZnS, ZnSe, or the like can be used when sulfide and 
selenide in a suitable amount are mixed. In any case, the interface 
layer is made of materials that do not cause diffusion easily to 
recording layers, or of materials that do not easily prevent optical 
change of the recording layer even if the atoms are diffused to the 
recording layer, and of materials that accelerate crystallization of the 
recording layer when formed in contact with the recording layer. 

The present inventors have found out that Ge-N showed the 
best performance in a structure shown in FIG. 2. This is because, in 
the structure shown in FIG. 2, ZnS-Si02 shows the most excellent 
properties as a material for the interface layers. When used in the 
combination with ZnS-SiOa , preventing the diffusion is considered 
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the most important. Ge-N shows the best performance with this 
regard. 

A thickness of the interface layers 103, 105, 203, and 205 is 
preferably 1 nm or more. The effective prevention of the diffusion 
may not be obtained, as experimental data show, if the thickness is 
less than Inm. The upper limit of the thickness is preferably 2nm 
to 5nm, from the viewpoint of recording sensitivit>'. 

The materials for the recording layers 104, 204 may be those 
which reversibly change optical properties. Of these materials, 
chalcogenide materials having Te or Sb as main components can be 
preferably used in case of a phase change optical recording medium. 
Examples of the main components for the materials include 
Ge-Sb-Te, Sb-Te, Sb-Te-Zn, Sb-Te-Ag, Sb-Te-Ge-Se, Sb-Te-Ag-ln. A 
content of Sb in a material for the recording layers is preferably 
50at% to 80at%. A content of Te in a material for the recording 
layers is preferably 10at% to 30at%. As shown in the range above, 
having more Sb than Te positively contributes to faster recording 
linear. In the present invention, "at%" refers to " % by atom/' 

The recording layers 104 and 204 may contain impurities, for 
example, sputtering gas components such as Ar, Kr, or the like, and 
H, C, H2O, or the like. The content of the impurities in the 
recording layer may be reduced to the extent that the content does 
not prevent recording and reproducing of a signal. The recording 
layers 304 204 may further contain various substances in a main 
component of the recording layers with a very small amount (about 
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1 Oat% or less). The content of the various substances may be 
reduced to the extent that the content does not prevent recording 
and reproducing of a signal. 

The present inventors have found out that, in the structures 
shown in FlGs. 1 and 2, the recording layers show^s the most 
excellent properties with Ge-Sb-Te, where the contents of Ge, Sb, 
and Te are each 2at% to aOat%, 60at% to 89at%, and 10at% to 30at%. 

A thickness of the recording layers 104 and 204 is preferably 
3nm to 40 nm. If the thickness is less than 3nm, the materials for 
the recording layers are less likely to create a uniform thickness, 
hence effective phase change is less likely to occur between an 
amorphous portion and a crystalline portion. If the thickness is 
more than 40nm, heat is dissipated in the film of the recording 
layers. Therefore, a signal is likely to be subjected to adjacent 
erasing, when recorded at a high density. 

A first reflective layer (may be referred to as merely a 
reflective layer) 107 is a light transmittance reflective layer, and has 
heat dissipation properties. Here, the term, "light transmittance 
reflective layer" refers to a layer that functions both as a reflective 
layer and a light transmittance layer. With the reflective layer, a 
half amount of the light transmits the reflective layer. A thermal 
conductivity at the reflective layer is also high. Therefore, the first 
recording on an optical recording medium having the reflective 
layer is required to be marked small. In order to attain the 
properties of the reflective layer, materials for the reflective layer 
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107 preferably contains at least one of Au, Ag, and Cu. The 
materials work advantageously so that the optical constant has a 
large value of Ac/ Aa. With the high thermal conductivity, even a 
thin reflective layer can exhibit a considerable cooling properties. 
Examples of the material for the reflective layer 107 also include a 
mixture or an alloy of other materials and one of Au, Ag, and Cu. 
The materials mentioned above are used in order to prevent 
corrosion, and to attain more effective optical structure. Specific 
examples of the materials for the reflective layer 107 include Cr, Pt, 
Pd, Al, Mg, W, Ni, Mo, Si, Ge, and the like. These can be selected 
according to the necessity . The present inventors have found out 
that Ag, when contained in the reflective layer as a material, shows 
the most excellent properties, where a content of the Ag is 90at% to 
99at%. 

A thickness of the reflective layer 107 is preferably Inm to 80 
nm. If the thickness is less than Inm, the reflective layer 107 cannot 
be formed uniformly, hence both heat dissipating properties and 
optical effects of the reflective layer deteriorate. If the thickness is 
more than BOnm, less light transmits the optical recording medium 
itself, hence a relation of light absorption adjustment (Ac/ Aa > 1) 

may not be realized. 

A second reflective layer (may also be merely referred to as 
reflective layer) 207 is excellent in heat dissipation property. Since 
the reflective layer 207 does not require as much light transmittance 
as the reflective layer 107. Therefore, the reflective layer 207 may 
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be thick. Materials for the reflective layer 207 may be metals. The 
materials preferably contain at least one of Al, Au, Ag, and Cu. 
Containing at least one of Al, Au, Ag, and Cu is preferable and 
advantageous because the optical constant is far more than a value 
of Ac/ Aa. Due to the high thermal conductivity, even a thin 
reflective laver 207 exhibit a considerable cooling properties. 

Examples of the material for the reflective layer 207 also 
include a mixture or an alloy of other materials and one of Al, Au, 
Ag, and Cu. The materials mentioned above are used in order to 
prevent corrosion, and to attain more effective optical structure. 
Specific examples of the materials for the reflective layer 207 include 
Cr, Pt, Pd, Mg, W, Ni, Mo, Si, Ge, and the like. These can be 
selected according to the necessity. 

The present inventors have found out that an Al alloy, when 
contained in the reflective layer as a material, shows the most 
excellent properties, where a content of the Al alloy is 90at% to 
99at%. 

A thickness of the reflective layer 207 is preferably is Inm to 
80 nm or less. A thickness of the reflective layer 207 is preferably 
Inm to 80 nm. If the thickness is less than Inm, the reflective layer 
107 cannot be formed uniformly, hence both heat dissipating 
properties and optical effects of the reflective layer deteriorate. If 
the thickness is more than 80nm, less light transmits the optical 
recording medium itself, hence a relation of light absorption 
adjustment (Ac/ Aa > 1) may not be realized. 
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Hereinafter, an intermediate layer 108, which mainly featiires 
the present invention, will be described. 

The intermediate layer 108 plays t\vo roles; one is to cool and 
dissipate the heat generated in the first recording layer structure 101, 
and the other is to suitably transmit a laser beam for recording and 
reproducing to the second recording layer structure 201. 

The recording laser power of the present invention is 
preferably 3mW to 12mW. Since the laser for recording to the 
second recording layer structure 202 transmits primarily the first 
recording layer structure 101, a power of the laser is required to be 
stronger at the second recording layer structure 201 rather than at 
the first recording layer structure 1 01 . Specifically, the power of 
the laser for the second recording layer 201 is 2% to 50% more than 
that for the first recording layer 101. 

The optical recording medium of the present invention has 
two recording layer structures. As a particular problem for the 
optical recording medium having two recording layer structures, 
there is a need to take account of erasing power for rewriting. If 
the laser beam for erasing is irradiated both to the first recording 
layer structure 101 and the second recording layer structure 201 in 
the same power, the erasing power deteriorates in the second 
recording layer structure 201, since the erasing power is smaller 
than the recording power. To be more specific, the erasing power 
deteriorates when the laser beam for erasing transmits the first 
recording layer structure 101, and insufficient erasing power may be 
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obtained in the second recording layer structure 201. 

Taking account of the deterioration of erasing power when 
the laser beam for erasing transmits the first recording layer 
structure 301, the second recording layer structure 201 requires 
more erasing power than the first recording layer structure 101. 
Specific amount of the erasing power for the second recording layer 
structure 201 is 0.5mW to 5mW, which is 2% to 50% more than that 
for the first recording layer 101. 

The optical recording medium having two recording layer 
sb-uctures of the present invention particularly needs to take 
account of heat dissipation properties. Because of the two 
recording layer structures (the first and the second recording layer 
structures), the optical recording medium of the present invention 
generates a lot larger heat value than an ordinary optical recording 
medium having only one recording layer structure. The two 
recording layer structures (including an intermediate layer and a 
separation layer) have less thermal capacity than the cover substrate 
100 or the grooved substrate 200. Specifically, the two recording 
layer structures have 5% to 10% of thermal capacity, compared to 
that of the cover substrate 100 or the grooved substrate 200. Here, 
"thermal capacit)'" can be obtained by: heat conductivity X 
thickness. A thicker substrate is less likely to be affected by 
thermal stress of film-forming (sputtering), and to cause 
deformation of the substrate. Changing thermal capacity in each of 
the layers enables controlling the heat for recording. Accordingly, 
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it enables controlling a recorded mark, and recording a small mark. 

Materials for the cover substrate 100 and the grooved 
substrate 200 may be resins/ glasses, or the like. Specific examples 
of the resins include polycarbonate (PC), polymethylmethacrylate 
(PMMA), and the like. Heat conductivity' differs depending on the 
materials. The thermal capacity of the whole two recording layer 
structures depends on a volume of the materials. In the optical 
recording medium having two recording layer structures of the 
present invention, the cover substrate 100 and the grooved substrate 
200 are each thicker than the whole two recording layer structures 
(including an intermediate layer and a separation layer), so that the 
two recording layer structures have less thermal capacity than the 
cover substrate 100 and the grooved substrate 200. 

Specific examples of the materials for the cover substrate 100 
and the grooved substrate 200 include a polycarbonate substrate 
having a thickness of, for example, 0.2mm to 1.5mm. The thickness 
of more than 1.5mm does not affect the thermal capacity. Other 
materials may also be used, as long as it has a thickness of the 
above. 

The optical recording process of the present invention 
includes the step of irradiating a laser beam from a direction of a 
cover substrate to one of two recording layer structures disposed on 
a grooved substrate of an optical recording medium according to the 
present invention, so as to record in one of the two recording layer 
structures. In the optical recording process, the laser beam has a 
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recording power of 3mW to 12mW, wavelength of 360nin to 420nin 
and a spot diameter of 0.30pm to 0.52pm (l/e^), the grooved 
substrate has a width of O.lOpm to 0.4bpm and a depth of 0.01pm to 
0.04pm, and is formed with a pitch of 0.28pm to 0.50pm, the two 
recording layer structures include a first recording layer structure 
and a second recording layer structure. 

In the following Examples, an optical recording medium 
having a structure shown in FIG. 1, in which thicknesses of the first 
recording layer structure 101 and the intermediate layer 108 were 
changed, was manufactured, and then evaluated. Here, the 
intermediate layer 108 is formed of ITO comprising InO and SnO. 
The first recording layer structure 101 was formed with a thickness 
of ISOnm. The first recording layer structure 101 included a 30nm 
thick recording layer 104 formed of Ge-Sb-Te (5:70:25; atomic ratio), 
40nm thick protective layers 102 and 106 formed of ZnS-Si02, a 
40nm thick reflective layer 107 formed of Ag. When the first 
recording layer structxire 101 had thicknesses of 250nm and 300nm, 
each of the layers in the first recording layer structure 101 was also 
thickened proportionally. The second recording layer structure 201 
had almost the same structure as that of the first recording layer 
structure 101, and each of the layers in the second recording layer 
structure 201 was also thickened proportionally. A 1 mm thick 
polycarbonate substrate was employed for both the cover substrate 
101 and the grooved substrate 200. The separation layer 109 was 
formed of ultraviolet radiation cured resin with a thickness of 25pm. 
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Recording conditions for the Examples are as shown 



(Example 1) 

Laser wavelength : 402nm 
Spotting diameter : 0.3pm (l/e^) 
Recording power/ erasing power: 

the first recording layer structure (7 mW/3 mW) 
the second recording layer structure (8.5 mW/3.5 mW) 
Reproducing power : 0.6 mW 
Modulation code : 1 to 7 modulation 
Recording linear velocity : 1 6.5 m/ s 

Reproducing linear velocit}' : 5.7 m/s 

Recording strategy: 

(n-1) types of multi-pulses (in a case of 3T, the multi-pulse is 

two), where "T" is an inverse number of a frequency of a 

standard clock 

Head pulse width: 0,4T 

Multi-pulse width: 0.4T 

Off pulse width: 0.4T 

(Example 2) 

Laser wavelength : 410 nm 
Spotting diameter : 0.52pm (l/e2) 
Recording power/ erasing power: 

the first recording layer structure (7.5 mW/3.5 mW) 
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the second recording layer structure (9.5 inW/3.9 mW) 
Reproducing power : 0.55 mW 
Modulation code : 1 to 7 modulation 

Recording linear velocit\' : 1 6.5 m/ s 
Reproducing linear velocity: 5.7 m/ s 
Recording strateg}': 

(n-1) types of multi-pulses (in a case of 3T, the multi-pulse is 

two), where "T" is an inverse number of a frequency of a 

standard clock 

Head pulse width: 0.4T 

Multi-pulse width: 0.4T 

Off pulse width: 0.4T 

The results of the evaluation are shown below. Table 1 
shows the results of Example 1 and Table 2 shows the results of 
Example 2. Here, in a recording property, "©/' " O" and " X " are 
given in the tables based on an evaluation whether or not a sample 
may be used in practice. In an evaluation in a first recording layer, 
shows that jitter property was excellent and the jitter property 
was 8% or less. "O" shows that jitter property was less than 10%, 
recording and reproducing property was practical, and was in good 
condition. " X " shows that the jitter property deteriorated rapidly 
by accumulated heat (15% or more), ajid an error was unable to 
become recovered. In the evaluations for a second recording layer, 
"©" shows that jitter property was excellent and the jitter property 
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was 8% or less. "O" shows that jitter propert)^ was less than 10%, a 
recording and reproducing property was practical and is in good 
condition. " X " shows that the recording layer was not well 
amorphousized (which means that recording was not carried out), 
and reproducing propert\' was impractical. 
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In the following Examples, an optical recording medium 
having a structure shown in FIG. 2 will be described. Here, the 
first recording layer 0 01 was formed with a thickness of 200nm. 
The first recording layer structure 101 included a 20nm thick 
recording layer 104 formed of Ge-Sb-Te (5:70:25; atomic ratio), 40nm 
thick protective layers 102 and 106 formed of ZnS-SiOz, 30nm thick 
interface layer 103 and 105, and a 40nm thick reflective layer 107 
formed of Ag. When the first recording layer structure 101 had 
thicknesses of 300nm and 400nm, each of the layers in the first 
recording layer structure was also thickened proportionally. The 
second recording layer structure 201 had almost the same structure 
as that of the first recording layer structure 101, and each of the 
layers in the second recording layer structure 201 was also 
thickened accordingly. A Irrun thick polycarbonate substrate was 
employed for both the cover substrate 101 and the grooved 
substrate 200. The separation layer 109 was formed of ultraviolet 
radiation cured resin with a thickness of 30pm. 

Recording conditions for the Examples are as shown below: 



(Example 3) 

Laser wavelength : 402njn 

Spotting diameter : 0.3pm (1/ e^) 

Recording power/ erasing power: 

the first recording layer structure (7 mW/3 mW) 
the second recording layer structure (9 mW/3.3 mW) 
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Reproducing power : 0.6 mW 
Modulation code : 1 to 7 modulation 
Recording linear velocity' : 1 6.5 m/ s 

Reproducing linear velocity : 5.7 m/ s 

Recording strategy: 

(n-1) types of multi-pulses (in a case of 3T, the multi-pulse is 

two), where "T" is an inverse number of a frequency of a 

standard clock 

Head pulse width: 0.4T 

Multi-pulse width: 0.4T 

OFF pulse width: 0.4T 

(Example 4) 

Laser wavelength : 410 nm 

Spotting diameter : 0.52pm (l/e^) 

Recording power/ erasing power: 

the first recording layer structure (8 mW/3.5 mW) 
the second recording layer structure (10 mW/3.7 mW) 

Reproducing power : 0.55 mW 

Modulation code : 1 to 7 modulation 

Recording linear velocit)' : 16.5 m/ s 

Reproducing linear velocity : 5.7 m/ s 

Recording strategy: 

(n-1) types of multi-pulses (in a case of 3T, the multi-pulse is 
two), where "T" is an inverse number of a frequency of a 
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standard clock 
Head pulse width: 0.4T 
Multi-pulse width: 0.4T 
OFF pulse width: 0.4T 

The results of the evaluation are shown below. Table 3 
shows the results of Example 3 and Table 4 shows the results of 
Example 4. Here, in a recording property, "©/' "O" and " X " are 
given in the tables based on an evaluation whether or not a sample 
may be used in practice. In an evaluation in a first recording layer, 
"@" shows that jitter property was excellent and the jitter property 
was 8% or less, "O" shows that jitter property was less than 10%, 
recording and reproducing property was practical, and was in good 
condition. " X " shows that the jitter property deteriorated rapidly 
by accumulated heat (15% or more), and an error was unable to 
become recovered. In the evaluations for a second recording layer, 
"O" shows that jitter property was less than 10%, a recording and 
reproducing property was practical and was in good condition. 
" X " shows that the recording layer was not well amorphousized 
(which means that recording was not carried out), and reproducing 
property was impractical. 
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As shown in the results of the Examples, a ratio of a thickness 
of the first recording layer structure and a thickness of the 
intermediate layer is preferably 0.2 to 1 .0. With the ratio, the heat 
generated from the first recording layer structure is suitably 
dissipated, without heat accumulation. The ratio is more 
preferably 0.3 to 0.8, and still more preferably 0.5 to 0.7. 

The structures of the present invention, the second recording 
layer structure has more recording power and erasing power than 
the first recording layer structure. With the more recording power 

and erasing power, each of the first and second recording layer 

structures exhibits uniform recording properties and high erasing 

and reproducing properties. 

The first and second recording layer structures have less 

thermal capacity than the cover substrate and the grooved substrate. 

Therefore, heat load to the optical recording medium itself may be 

reduced. 

Having two recording layer structures, the optical recording 
medium of the present invention enables reducing the heat load to 
the optical recording medium, and improving repetitive recording 
properties. As a result, the optical recording medium of the 
present invention enables twice more recording capacity than a 
conventional optical recording medium. 

Materials for the intermediate layer 308 can be other 
materials than those provided in the Examples. Specific examples 
of the materials include Al-N, Al-O-N, Al-C, Si, Si-N, Si02, Si-O-N, 
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Si-C, Ti-N, Ti02, Ti-C, Ta-N, Ta205, Ta-O-N, Ta-C, Zn-O, ZnS, ZnSe, 
Zr-N, Zr-O-N, Zr-C, W-C, In02-Sn02, Zr02-Y203, InOa-ZrOz, 
Al203-Zr02, and the like. These can be used in combination. A 
mixture of these with metal or metalloid, or an alloy of these can 
also be used. Of these, except for the materials provided in the 
Examples, In02-Sn02 or In02-Zr02 can exhibit excellent heat 
dissipation properties. 

The separation layer 109 is formed for the purpose of 
optically or thermally separating the first recording layer structure 
101 from the second recording layer structure 201. The separation 
layer 109 may be formed of materials that exhibits as little light 
absorption as possible against the laser beam for recording and 
reproducing. Examples of the materials include resins formed of 
organic materials such as an ultraviolet radiation cured resin, a 
slow-acting resin, or the like; a double-sided adhesion sheet for an 
optical disk, inorganic dielectrics such as Si02, AI2O3, ZnS, or the 
like; glasses, and the like. 

A thickness of the separation layer 109 is required to be a 
thickness having depth of focus of AZ or more, so that a crosstalk 
from a direction of one of the first and the second recording layer 
structures can be ignored, when recording and reproducing is 
carried out in one of the first and second recording layer structures. 
AZ can be approximately obtained by the following equation, when 
a standard for AZ is 80% of strength of the condensing point. 

AZ = X/ {2 X (NA)2) 
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wherein, "NA" expresses a numerical aperture of an objective lens, 
and "A", expresses wavelength of a laser beam for recording and 
reproducing. For example, a depth of focus, AZ, is 0.56pm when 
'"K" is 400nm, and "NA" is 0.60. In this case, a range of ±0.60pm 
lies in the depth of focus. Therefore, a thickness of the separation 
layer 109 needs to be more than 1.20pm. 

A thickness of the separation layer 109 may be within a 
tolerance of the objective lens, so that a distance between the first 
and the second recording layer structures is within a range that the 
objective lens are able to condense the laser beam. Recording and 
reproducing at the second recording layer structure 201 may be 
carried out by transmitting the laser beam through the first 
recording layer structure 1 01. A reflection rate, "r2/' can be 
obtained by the following equation, when the light-transmittance of 
a laser beam in the first recording layer structure 101 is "T\," the 
reflection rate of the laser bean in the first recording layer structure 
101 is "Rl," the reflection rate only in the second recording layer 
structure 201 is "R2." 

r2 = R2 X Tl X Tl 
The signal amplitude can also be obtained by the following 
equation, when the reflection rate difference within the second 
recording layer structure 201 is AR2, the reflection rate difference of 
the laser beam when transmitting the first recording layer structure 
101 through the second recording layer structure 202 is Ar2. 

Ar2 = AR2 X Tl X Tl 
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For example, Ar2, the reflection rate difference of the laser 
beam when transmitting the first recording layer structure 101 
through the second recording layer structure 202, is, 
24% X 0.5 X 0.5=6%, when AR2 is 24%, and Tl is 50%. 

In order to obtain a sufficient signal from the second 
recording layer structure 201, the first recording layer structure 101 
requires to have as high light transmittance Tl as possible, and the 
second recording layer structure 201 requires to have as large signal 
amplitude as possible. The reflection rate difference in the first 
recording layer 101 needs to be preferably high, and the recording 
sensitivitA^ in the second recording layer structure also needs to be 
considerably high. The first recording layer structure 101 and the 
second recording layer structure 201 need to be structured optically, 
so as to balance the light-transmittance, the signal amplitude, the 
reflection rate difference, and the recording sensitivity. 

A specific example of the structure of the optical recording 
medium is provided. Here, the optical recording medium is 
structured, so as to have a reflection rate Rlc of 7.5% when the 
recording layer 104 is in a crystalline state, a reflection rate Rla of 
0.5% when the recording layer 104 is in an amorphous state, a 
reflection rate R2c of 15% when the recording layer 204 is in a 
crvstalline state, the reflection rate R2a of 43% when the recording 
layer 204 is in an amorphous state, and the light transmittance of the 
first recording layer structure 101 of 50% when recording is carried 
out only in the first recording layer structure 101. The reflection 
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rate, light transmittance, and other optical structural values were 
controlled by changing the thicknesses of the recoding layer 104, the 
protective layers 102, 106, and the reflective layer 107. 

When the optical recording medium has a structure as the 
above, the reflection rate difference is, Ar2 = (43-15) X 0.5 X 0.5 = 7%, 
in which the recording and reproducing is carried out in the second 
recording layer 201 through the first recording layer 101. The 
reflection rate difference at the first recording layer structure 101 is 
7.5-0.5 = 7%. A preferable structure of the optical recording 
medium has almost the same value of the reflection rate difference, 
namely a signal amplitude, between the first recording layer 
structure 101 and the second layer structure 201 . With the 
preferable structure, the signal amplitude radically becomes 
changed when recording and reproducing is carried out 
interchangeably between the first recording layer structure 101 and 
the second recording layer structure 201. Therefore, the optical 
recording medium having the preferable structure can prevent 

instable tracking. 

It is very difficult to have the high light transmittance in the 
first recording layer structure 101 and the high reflection rate 
difference in the second recording layer 201 at the same time. 
Therefore, the reflection rate difference is relatively small, and the 
signal amplitude is also relatively small, after the optical recording 
medium is structured. In this case, the power level P3 of the 
recording laser beam may be preferably a bit larger than that of the 
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conventional optical recording medium, and the signal amplitude 
for reproducing may preferably be large. However, if the P3 has 
an exceedingly large value, the recorded mark is thermally affected, 
hence the reproducing signal deteriorates. The P3 therefore needs 
to be within the range that does not cause deterioration of the 
reproducing signal. The reproducing power level may be different 
between the first recording layer structure 101 and the second 
recording layer structure 201 . The laser beam for reproducing may 
also be different between the first recording layer structure 101 and 
the second recording layer structure 201, although the laser beam 
having the same wavelength is ordinarily irradiated. 

A process for manufacturing the optical recording medium 
will be described hereinafter. Mutil layers can be formed by 
sputtering method, vacuum deposition, CVD method, or the like. 
Here, the process employs the sputtering method. FIG. 3 is a 
schematic diagram showing an example of a film-forming device. 

Referring into FIG. 3, the vacuum container 9 is equipped 
with the exhaust port 15 which is connected with a vacuum pump 
(not shown in FIG. 3), so as to maintain inside the vacuum container 
9 highly vacuum. The gas supply port 14 is also provided in the 
vacuum container 9, so as to supply rare gas, nitrogen, oxide, or a 
mixture thereof, in a certain flow. The vacuum container 9 also 
includes a substrate 10, which is attached to the drive unit 11 that 
rotates and revolves the substrate 10. The sputter targets 12, which 
face the substrate 10, are each connected to negative electrodes 13. 
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The negative electrodes 13 are each connected to either 
direct-current power (not shown in FIG. 3), or high-frequency 
power (not shown in FIG. 3), through a switch (not shown in FIG. 3). 
Since grounded, the vacuumed container 9 and the substrate 10 are 
maintained in positive electrode. 

The film-forming gas may be rare gas, a mixture gas in which 
rare gas and a small amount of nitrogen or oxygen is mixed. 
Examples of the rare gas include Ar, Kr, and the like, each of which 
enables film-forming. Using the mixture gas in which rare gas and 
& small amount of nitrogen or oxygen is mixed for forming the 
layers of an optical recording medium, the recording layers 104 and 
204 and the protective layers 102, 106, 202, and 206 enable 
controlling substance transport during repetitive recording, hence 
enables improving repetitive properties. 

When nitride or oxide is contained in the interface layers 103, 
105, 203, and 205, or the intermediate layer 108, the reactive 
sputtering method enables forming an excellent layer. For example, 
when Ge-Cr-N is used in the interface layers 103, 105, 203, and 205, a 
mixture gas of rare gas and nitrogen gas is used as a film-forming 
gas to a target of the material including Ge, Cr, and O. 
Alternatively, gas including nitrogen atoms such as N2O, NO2, NO, 
N2 or the like, can also be used. The combination of the nitrogen 
atoms with the rare gas, which is mixture gas, can also be used, 
men the layer is hard or has a large membrane stress, a very small 
amount of oxygen can be mixed into the film-forming gas, so as to 
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realize a layer with an excellent film. 

A recording and reproducing process and an erasing process 
with the optical recording medium structured above will be 
described hereinafter. The recording and reproducing process and 
the erasing process require an optical head which has a laser beam 
source and objective lens, a drive unit which determines a portion to 
irradiate the laser beam, a tracking controlling device and a focus 
controlling device which control a position of a vertical direction to 
tracking and to a surface of a layer, a laser beam drive unit which 
modulates a laser power, and a rotation controlling device which 
rotates the optical recording medium. 

Recording and erasing are carried out as follows. First, an 
optical recording medium is rotated by the rotation controlling 
device. Thereafter, a laser beam is focused onto a small spot so as 
to irradiate the laser beam to the optical medium. The recorded 
mark or the erased portion is formed by modulating the laser power 
between PI and P2, where PI refers to a power level to generate an 
amorphous state in which a portion in a recording layer is reversibly 
changed to an amorphous state from a crystalline state by 
irradiating the laser beam, and P2 refers to a power level to generate 
a crystalline state in which the amorphous state is reversibly 
changed to a crystalline state from the amorphous state also by 
irradiating the laser beam. In this way, recording, erasing, and 
overwriting are carried out. A portion to be irradiated with a laser 
beam having PI is ordinarily formed by column of pulse, which is 
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usually referred to as "multi pulse." 

A reproducing power level, P3, which is smaller than each of 
PI and P2, does not affect an optical state of the recorded mark, and 
contributes to obtaining sufficient reflection rate to reproduce the 
recorded mark by irradiating a laser beam having P3, also enables 
reproducing the signal by reading a signal by a detector from the 

optical recording medium. 

The optical recording medium of the present invention may 
have another layer in addition to those described as a layer 
Structure. 

According to the present invention, the optical recording 
medium having the two recording layer structures exhibits an 
excellent recording and reproducing properties in each of the first 
recording layer structure and the second recording layer structure, 
as a thickness of one of the recording layer structures to which a 
laser beam is firstly irradiated, and a thickness of the intermediate 
layer are optimized. Therefore, the optical recording medium 
having two recordii^g layer g-tructures of 'the present invention 
enables twice more recording capacity than an ordinary optical 
recoding medium having one recording layer structure. With the 
optimization, heat load to the optical recording medium can be 
reduced, hence repetitive recording properties can also be improved. 
Providing interface layers on surfaces of the recording layer 
prevents the recording layer from oxidizing, corroding, deforming, 
or the like. The diffusion of atoms between the recording layer and 
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a protective layer can also be prevented. Accordingly, the optical 
recording medium of the present invention can have excellent 
repetitive properties. Furthermore, the optical recording medium 
enables erasing at a high speed, as the interface layers accelerate 
amorphousization of the optical recording medium without 
deteriorating thermal stability'. 
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What is claimed is: 

1 . Ar> optical recording medium comprising: 
a cover substrate; 
a first recording layer structure; 
an intermediate layer; 
a separation layer; 

a second recording layer structure; and 
a grooved substrate, 
wherein the cover substrate, the first recording layer structure, the 
iintermediate layer, the separation layer, the second recording layer 
structure and the grooved substrate are disposed in this order, a 
laser beam is irradiated from a direction of the cover substrate, the 
first recording layer structure includes, in this order, a first 
protective layer, a first recording layer which comprises Sb and Te 
as main components thereof, a second protective layer, a first 
inorganic layer which comprises metal as components thereof, the 
second recording layer structure includes, in this order, a third 
protective layer, a second recording layer which comprises Sb and 
Te as main components thereof, a forth protective layer, a second 
inorganic layer which comprises metal as a component thereof, and 
a ratio (t/Tl) of a thickness (Tl) of tlie first recording layer structure 
and a thickness (t) of the intermediate layer is 0.2 to 1.0. 

2. An optical recording medium according to Claim 1, wherein 
an interface layer is formed on at least one of surfaces of at least one 
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of the first recording layer and the second recording layer. 

3. An optical recording medium according to Claim 1, wherein 
the grooved substrate with a width of O-lO^im to 0.46pm and a depth 
of 0.01pm to 0.04pm, arid is formed with a pitch of 0.28pm to 0.50pm, 
recording and reproducing are carried out by irradiating a laser 
beam having wavelength of 360nm to 420nin and a spot diameter of 
0.30pm to 0.52pm (l/e^) from a direction of the cover substrate, and 
rding power of the laser beam is 3mW to 12mW. 
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4. An optical recording medium according to Claim 1, wherein 
the recording power of the laser beam is larger in the second 
recording layer structure than in the first recording layer structure. 

5. An optical recording medium according to Claim 1, wherein 
an erasing power of the laser beam is larger in the second recording 
layer than in the first recording layer. 

6. An optical recording medium according to Claim 1, wherein 
a thermal capacity of the second recording layer structure is less 
than a total thermal capacity of the cover substrate and the grooved 
substrate. 

7. An optical recording medium according to Claim 1, wherein 
a total thermal capacity of the first recording layer structure and the 
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second recording layer structure is less than a thermal capacity of 
the grooved substrate. 

8. An optical recording medium according to Claim 1, wherein 
a thickness of each of the cover substrate and the grooved substrate 
is 0.2mm to 1.5mm. 

9. An optical recording medium according to Claim 1, wherein 
the main components of each of the first recording layer and the 
second recording layer are selected at least from Ge-Sb-Te, Sb-Te, 
Sb-Te-Zn, Sb-Te-Ag, Te-Bi-Ge, Sb-Te-Ge-Se, Te-Sn-Ge-Au, 
Sb-Te-Ag-ln, Se-ln-Sb, and Te-Se-In. 

10. An optical recording medium according to Claim 1, wherein 
each of the first recording layer and the second recording layer 
comprises 50at% to 80at% of the Sb, and 10at% to 30at% of the Te. 

11. An optical recording medium according to Claim 1, wherein a 
thickness of the first recording layer is 3nm to 40nm. 

12. An optical recording medium according to Claim 1, wherein a 
thickness of the second recording layer is 3nm to 40nm. 

13. An optical recording medium according to Claim 1, wherein a 
thickness of the first inorganic layer is Inm to BOnm. 
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14. An optical recording mediun« according to Claim 1, wherein a 
tWckness of the second inorganic layer is Iran to 80nm. 

15. An optical recording medium according to Claim 1, wherein 
the components are one of the same and different between the 
first recording layer structure and the second layer structure, and 
the components are selected at least from Al, Au, Ag, and Cu. 

I . 

16. An optical recording medium according to Claim 16, wherein 
the first morganic layer comprises Ag as a main component 
thereof. 

17. An optical recording medium according to Claim 1, wherein 
each of the first protective layer, the second protective layer, the 
third protective layer, and the fourth protective layer comprises 
ZnS-Si02 as a main component thereof. 

18. An optical recording process comprising the step of : 

irradiating a laser beam from a direction of a cover 
substrate to one of two recording layer structures 
disposed on a grooved substrate of an optical 
recording medium, so as to record in one of the two 
recording layer structures, 
wherein the laser beam has a recording power of 3mW to 12mW, 
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wavelength of 360nm to 420mn and a spot diameter of 0.30pm to 
0.52pm (l/e2), the grooved substrate has a width of 0.10pm to 
0.46pm and a depth of 0.01pm to 0.04pm, and is formed with a pitch 
of 0.28pm to 0.50pm, the two recording layer structures include a 
first recording layer structure and a second recording layer structure, 
and the optical recording medium comprises: 

the cover substrate; 

the first recording layer structure; 

an intermediate layer; 

a separation layer; 

the second recording layer structure; and 
the grooved substrate, 
wherein the cover substrate, the first recording layer structure, the 
intermediate layer, the separation layer, the second recording layer 
structure and the grooved substrate are disposed in this order, the 
first recording layer structure includes, in this order, a first 
protective layer, a first recording layer which comprises Sb and Te 
as main components thereof, a second protective layer, a first 
inorganic layer which comprises metal as components thereof, the 
second recording layer structure includes, in this order, a third 
protective layer, a second recording layer which comprises Sb and 
Te as main components thereof, a forth protective layer, a second 
inorganic layer which comprises metal as a component thereof, a 
ratio (t/Tl) of a thickness (Tl) of the first recording layer structure 
and a thickness (t) of the intermediate layer is 0.2 to 1.0. 
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19. An optical recordmg process according to Claim 18, wherein 
the recording power of the laser beam is larger in the second 
recording layer structure than in the first recording layer structure. 

20. An optical recording process according to Qaim 18, wherein 
an erasing power of the laser beam is larger in the second recording 
layer than in the first recording layer. 
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ABSTRACT OF THE DISCLOSURE 
An optical recording medium having two recording layer 
structures which includes a cover substrate, a grooved substrate, a 
first recording layer structure, an intermediate layer, a separation 
layer, and a second recording layer structure. In the optical 
recording medium, the txvo recording layer structures include a first 
recording layer structure, and a second recording layer structoire 
between the substrates, the first recording layer structure includes, 
in this order, a first protective layer, a first recording layer, a second 
protective layer, a first inorganic layer, the second recording layer 
structure includes, in this order, a third protective layer, a second 
recording layer, a forth protective layer, a second inorganic layer, 
and a ratio of a thickness of the first recording layer structure and a 
thickness of the intermediate layer is 0.2 to 1.0. 
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